Epidermal growth factor-like domain 7 (Egfl7) is a gene that encodes a partially secreted protein and whose expression is largely restricted to the endothelia. We recently reported that EGFL7 is also expressed by trophoblast cells in mouse and human placentas. Here, we investigated the molecular pathways that are regulated by EGFL7 in trophoblast cells. Stable EGFL7 overexpression in a Jeg3 human choriocarcinoma cell line resulted in significantly increased cell migration and invasiveness, while cell proliferation was unaffected. Analysis of mitogen-activated protein kinase (MAPK) and phosphatidylinositol 3-kinase (PI3K) pathways showed that EGFL7 promotes Jeg3 cell motility by activating both pathways. We show that EGFL7 activates the epidermal growth factor receptor (EGFR) in Jeg3 cells, resulting in downstream activation of extracellular regulated kinases (ERKs). In addition, we provide evidence that EGFL7-triggered migration of Jeg3 cells involves activation of NOTCH signaling. EGFL7 and NOTCH1 are co-expressed in Jeg3 cells, and blocking of NOTCH activation abrogates enhanced migration of Jeg3 cells overexpressing EGFL7. We also demonstrate that signaling through EGFR and NOTCH converged to mediate EGFL7 effects. Reduction of endogenous EGFL7 expression in Jeg3 cells significantly decreased cell migration. We further confirmed that EGFL7 stimulates cell migration by using primary human first trimester trophoblast (PTB) cells overexpressing EGFL7. In conclusion, our data suggest that in trophoblast cells, EGFL7 regulates cell migration and invasion by activating multiple signaling pathways. Our results provide a possible explanation for the correlation between reduced expression of EGFL7 and inadequate trophoblast invasion observed in placentopathies.
INTRODUCTION
The placenta is one of the first structures to form during embryonic development and is essential for the survival of the embryo because it facilitates the exchange of gases, nutrients and waste at the feto-maternal interface. Placental development is a process that is fine-tuned by a variety of factors critical for a successful pregnancy. An imbalance of these factors can lead to placentopathies, eventually resulting in embryo-fetal loss and/or maternal death. A comprehensive understanding of the molecular mechanisms underlying placental development is essential for the treatment of placental disorders.
The invasion of trophoblasts into the maternal tissue and vessels is a crucial process during human pregnancy. Research has focused on the molecular mechanisms regulating trophoblast invasion and, over the years, an increasing number of factors, cytokines and signal transduction pathways controlling trophoblast migration have been identified (Knofler et al., 2010; Fitzgerald et al., 2005) . Various growth factors control trophoblast migration through activation of mitogen-activated protein kinase (MAPK) and phosphatidylinositol 3-kinase (PI3K) pathways. Epidermal growth factor (EGF), which is abundant at the fetal-maternal interface, activates MAPK as well as PI3K signaling, leading to increased trophoblast migration (Qiu et al., 2004a) .
Similarly, activation of the MAPK signaling pathway and consequent increased trophoblast motility have been observed in the presence of endothelin, prostaglandin E2, insulin-like growth factor (IGF)-II, insulin-like growth factor binding protein (IGFBP)-1, and chorionic gonadotropin (hCG) (Chakraborty et al., 2003; Nicola et al., 2008; McKinnon et al., 2001; Gleeson et al., 2001; Prast et al., 2008) . hCG and EGF induced activation of MAPKs and PI3K resulted in the induction of matrix metalloproteinase (MMP) -2 and -9, respectively, suggesting that these proteinases are crucial for trophoblast invasion (Prast et al., 2008; Qiu et al., 2004b) . Hunkapiller et al. recently demonstrated that Notch signaling is also involved in trophoblast endovascular invasion. Invasion of primary cytotrophoblats and their expression of the arterial marker ephrin B2 (EFNB2) were significantly decreased by an inhibitor of the -secretase pathway, which is commonly used to block Notch activity. In by guest on February 10, 2015 http://molehr.oxfordjournals.org/ Downloaded from addition, Notch2 down regulation led to reduced arterial invasion, decreased size of maternal blood vessels and reduced placental perfusion (Hunkapiller et al., 2011) .
Recent studies suggested that the secreted factor epidermal growth factor-like domain 7 (EGFL7) may also play a role in this context . Egfl7 was originally identified as an endothelial-restricted gene. High levels of EGFL7 expression are observed in actively proliferating endothelial cells (ECs), both during embryogenesis and during physiologic and pathologic angiogenesis (Bambino et al., 2014; Fitch et al., 2004; Parker et al., 2004; Soncin et al., 2003; Campagnolo et al., 2005) . During embryonic development, Egfl7 is expressed as early as in pre-and peri-implantation embryos, starting from the 8-cell stage, and in embryonic stem cells that are derived from the inner cell mass (ICM) of the blastocyst (Campagnolo et al., 2008; Fitch et al., 2004) . In the mouse, Egfl7 controls embryonic survival and vascular development (Schmidt et al., 2007; Nichol et al., 2010) by promoting EC proliferation, migration, sprouting and invasion (Campagnolo et al., 2005; Durrans et al., 2010; Schmidt et al., 2007; Nikolic et al., 2013) . In addition to the endothelium, more recently novel sources of EGFL7 have been discovered, including primordial germ cells, adult neural stem cells and cancer cells of various human tumors (Campagnolo et al., 2008; Schmidt et al., 2009; Diaz et al., 2008; Huang et al., 2010; Wu et al., 2009; Delfortrie et al., 2011) . In addition, we have recently shown that trophoblast cells in the placenta are a novel source of EGFL7. Importantly, EGFL7 expression is dramatically reduced in both the endothelial and the trophoblastic compartments of pre-eclamptic (PE) placentas . PE is a pregnancy-specific disease that originates in the placenta and it is a leading cause of morbidity and mortality for both the mother and fetus. Hallmarks of PE include inadequate invasion of trophoblast cells into the maternal decidua, dysregulated growth of fetal blood vessels, disruption of maternal-fetal vascular connections, and an imbalance of pro-and anti-angiogenic growth factors (Young et al., 2010) .
The present study aims to clarify the role of EGFL7 and identify EGFL7-dependent molecular pathways in trophoblast cells by using genetic manipulation of the choriocarcinoma cell line Jeg3 and primary trophoblast cells isolated from first trimester human placentas. 
MATERIALS AND METHODS

Reagents and antibodies
The following inhibitors were used in this study: mitogen-activated protein/extracellular signal-regulated kinase kinase (MEK1/2) -inhibitor U0126 (5 and 10 M; Calbiochem, La Jolla, CA, USA), PI3K-inhibitor Wortmannin (100 nM;
Sigma-Aldrich, Saint Louis, MO, USA), epidermal growth factor receptor (EGFR)inhibitor AG1478 (1 M), and -secretase inhibitor dual anti-platelet therapy (DAPT; 10 and 25 M; Sigma-Aldrich). Mouse culture grade EGF (10 ng/ml; Collaborative Research, Waltham, MA) was used to activate EGFR.
The following primary antibodies were used: two goat anti-human EGFL7 (for immunofluorescence and western blot experiments we used anti-EGFL7 from R&D Systems, Wiesbaden, Germany, at 2 g/ml and 0.2 g/ml, respectively; for western blot we also used anti-EGFL7 from Santa Cruz Biotechnology, Santa Cruz, CA, USA, at 0.2 g/ml), mouse anti-green fluorescent protein (GFP) (1:2500; Millipore, Billerica, MA), rabbit anti-cow Cytokeratin (CK) (53.5 g/ml, total immunoglobulin fraction; DakoCytomation, Glostrup, Denmark), mouse anti-5-bromo-2-deoxyuridine (BrdU) (1:2.5; Becton Dickinson, San Jose, CA, USA), rabbit anti-phosphoextracellular regulated kinase 1 and 2 (pERK1/2) (1:1000; Cell Signaling Technologies, Danvers, MA, USA), rabbit anti-Erk1/2 (1:1000; Cell Signaling Technologies), rabbit anti-phospho-protein kinase B (pAKT) (1:1000; Cell Signaling Technologies), rabbit anti-Akt (0.2 g/ml; Santa Cruz Biotechnology), rabbit antiphospho-EGFR (1:1000; Cell Signaling Technologies), rabbit anti-human EGFR 6 Secondary anti-goat, anti-rabbit or anti-mouse antibodies conjugated to horseradish peroxidase were purchased from Amersham Biosciences (Piscataway, NJ, USA).
Cell culture
The human choriocarcinoma cell line Jeg3 was purchased from the American Type Culture Collection (ATCC) (Manassas, VA, USA). Jeg3 cells were cultured in Eagle Minimum Essential Medium (EMEM with L-Glutamine; Lonza, Milan, Italy), supplemented with 10% (v/v) fetal bovine serum (FBS; Lonza), 2 mM L-glutamine (Lonza), 50 U/ml penicillin and 50 μg/ml streptomycin (Lonza), and 1mM sodium pyruvate (Sigma-Aldrich), in 5% CO 2 at 37 °C. Human Embryonic Kidney 293 (HEK293) cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM with 25 mM D-glucose; Lonza), supplemented with 10% (v/v) FBS, 20 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES; Lonza), 2mM L-glutamine, 50 U/ml penicillin, and 50 μg/ml streptomycin, at 37 °C in a humidified atmosphere of 5% CO 2 in air.
Human Umbilical Vein Endothelial Cells (HUVECs) were purchased from Lonza and cultured in EGM-2 Bullet kit (Lonza) at 37°C in a humidified atmosphere of 5% CO 2 in air.
Primary human trophoblast (PTB) cells were isolated from first trimester villous samples according to the protocol of Hunkapiller et al. (2008) . Samples were obtained from patients undergoing prenatal diagnosis, after obtaining informed consent. All procedures for the collection and manipulation of human samples comply with the principles reported in the Declaration of Helsinki and have been approved by the Bioethical Committee of the University of Tor Vergata. Purity of PTB was about 90-93%, when assessed by flow cytometry analysis as previously reported (Spitalieri et al., 2009) , and confirmed by immunostaining using anticytokeratin antibodies. PTB cells were cultured on Matrigel-coated dishes in Dulbecco's Modified Eagle's Medium (DMEM with 25 mM D-glucose, Lonza), supplemented with 10 mM HEPES, 4mM L-glutamine, 50 U/ml penicillin, 50 μg/ml streptomycin, 50 μg/ml Gentamycin (Lonza), and 2% (v/v) Nutridoma (Roche Diagnostics GmbH, Mannheim, Germany). The cells were kept at 37 °C in a humidified atmosphere of 5% CO 2 in air. were transfected with a third-generation lentiviral vector system, consisting of the packaging plasmids (pMDL, pREV and pVSVG) and the transfer vector containing either the EGFL7 and GFP transgene (pCCL-EGFL7) or GFP only (pCCL-GFP) using polyethylenimine (2 mg/ml; Polysciences, Warrington, PA, USA). The same protocol was followed for transfection using the shRNA plasmid pLKO61 or the control pLKO1. After two days, cell supernatant was collected, filtered and centrifuged at 16000 g for 2 h at 4 °C to concentrate viral particles to half of the initial volume. To evaluate the blockage of NOTCH activity in JegE7, cells were treated with 10 M U0126 or/and 25 M DAPT in serum-free culture medium for 90 min, followed by RNA extraction as described above.
To analyze miR-126 expression, total RNA from cell cultures was extracted using 
Statistical analysis
All experiments were performed at least three times. Data were expressed as mean ± standard error (SE) and analyzed using the one-way analysis of variance (ANOVA) test. Asterisks indicate the level of statistical significance (*p < 0.05; **p < 0.001).
RESULTS
EGFL7 promotes Jeg3 cell migration and invasion
In order to investigate the role of EGFL7 in trophoblast cells, we stably overexpressed EGFL7 in the human choriocarcinoma cell line Jeg3. qRT-PCR indicated that endogenous EGFL7 expression was readily detectable in such cells ( Supplementary Figure 1 A,B) ; however, transcript levels were 200-fold lower in Jeg3 when compared to HUVEC cells ( Supplementary Figure 1 B) , known to express high levels of EGFL7 (Fitch et al., 2004) . Even lower transcript levels were observed for the EGFL7-associated miR-126 ( Supplementary Figure 1 C) . To stably overexpress EGFL7, we generated a lentiviral vector containing the human EGFL7 cDNA and a GFP reporter gene expressed from a bicistronic mRNA under the control of the PGK promoter (Figure 1 A) , and infected Jeg3 cells with the lentivirus (JegE7, Figure 1 C) . Jeg3 cells infected with a lentivirus vector containing the GFP reporter but no EGFL7 cDNA were used as a control (JegGFP, Figure 1 B ).
Efficiency of infection was estimated to be higher than 90%, as judged by the fraction of GFP-positive cells (Figure 1 To investigate if EGFL7 is involved in the migration and invasion of trophoblast cells, we used both wounding and transwell assays. In the wounding assay, migration of Jeg3 cells into the wounded area was monitored at 0, 8, and 24 hours of culture (Figure 2 A, B) . Overexpression of EGFL7 resulted in significantly increased cell migration capability by 8 hours, when JegE7 cells had covered a surface of the wound that was about double of that covered by JegGFP cells (Figure 2 A, B) . The higher migration activity of JegE7 cells in comparison to JegGFP was maintained also after 24 hours (Figure 2 A qRT-PCR analysis demonstrated a 60% reduction of EGFL7 expression in Jeg3 cells infected with the lentivirus knockdown vector for EGFL7 (JegKDE7) compared to the scrambled infected cells (JegKDSCR) (Figure 3 A) . Using the wounding assay, we observed that at 8 hours post-wounding, JegKDE7 cells had covered an area that was about 5 times less than that covered by JegKDSCR cells (Figure 3 B, C) .
Reduced cell migration of JegKDE7 compared to JegKDSCR was confirmed at 24 (Figure 3 B , C) and 32 hours (data not shown).
EGFL7 promotes migration of primary human first trimester trophoblast cells
To support our findings obtained in the Jeg3 cell line, we isolated primary trophoblast (PTB) cells from first trimester human chorionic villus samples. Isolated PTB expressed the trophoblast marker CK by IF ( Supplementary Figure 3 A) and the mRNA for CK7, which is a specific marker of the trophoblast (Potgens et al., 2001) ( Supplementary Figure 3 B ). When EGFL7 was overexpressed in PTB cells using lentivirus vectors (PTBE7), by qRT-PCR we observed an estimated 400-fold increase of EGFL7 mRNA levels in PTBE7 compared to PTBGFP cells (Figure 4 A) .
Similarly to what was observed in JegE7, miR-126 levels were not affected (data not shown).
To examine whether EGFL7 promotes cell migration also in PTB cells, we performed transwell assays using PTBE7 and PTBGFP cells. Overall, PTB cells appeared to migrate slower than Jeg3 cells. However, similar to our results using Jeg3 cells, the number of cells moving toward the lower side of the filter was significantly higher in PTBE7 than in PTBGFP cells after 24 hours (Figure 4 B, C) .
EGFL7 stimulates Jeg3 cell migration by activating MAPK and PI3K signaling pathways Activation of the MAPK and PI3K signaling pathways plays a major role in trophoblast migration (Qiu et al., 2004a; Prast et al., 2008) . We therefore investigated whether overexpression of EGFL7 induced activation of these pathways. (Qiu et al., 2004a; Qiu et al., 2004b) . Since secreted EGFL7 contains two internal EGF-like domains, we hypothesized that EGFL7 could activate MAPK and PI3K through its interaction with EGFR. To test this, we first investigated if EGFL7 possesses homology at positions of amino acid known to be involved in binding of EGF to EGFR (Van Zoelen et al., 2000) . Alignment of the amino acid sequences of EGFL7 and EGF shows that, in addition to the cysteine and glycine residues that are required for the three-dimensional folding of these proteins (Van Zoelen et al., 2000) , most of the amino acids involved in binding to EGFR are also conserved between EGF and EGFL7 (Figure 7 A) . On this premise, we next investigated the effects of EGFL7 overexpression on EGFR tyrosine phosphorylation. For this, Jeg3 cells were serum starved overnight and the activation of EGFR evaluated by western blot
analysis. An about two-fold increase in pEGFR was observed in JegE7 cells compared to control cells (Figure 7 B-C), suggesting that EGFL7 overexpression induces EGFR activation. This was further supported by our observation that EGFL7
and EGFR co-localize in Jeg3 cells, as determined by IF (Figure 7 D ).
Next, we tested whether EGFL7-induced up-regulation of ERKs would be mediated by EGFR activation. For this, AG1478 (1 M), a specific inhibitor of EGFR kinase activity, was added to transduced Jeg3 cells in serum-free culture medium in the absence or presence of EGF (10 ng/ml), and phosphorylation of EGFR and ERKs was evaluated by western blot analysis. When JegGFP cells were stimulated with EGF, we detected, as expected, increased phosphorylation of EGFR (Figure 8 A, B) , concomitant with an increase in ERK phosphorylation (Figure 8 C, D) . Activation of EGFR and MAPKs was partly abolished by the treatment with AG1478 (Figure 8 reduced when AG1478 was added to the culture medium (Figure 8 A-D) .
To assess the role of EGFR activation in migration capability of JegE7 cells, we performed wounding assays in the absence or presence of AG1478. The results showed that addition of AG1478 abrogated the increased migratory ability of JegE7 at 24 (Figure 8 E-F) and 32 hrs (not shown).
NOTCH signaling is involved in EGFL7-mediated Jeg3 migration
Previous studies showed that EGFL7 is able to interact with all four NOTCH receptors and to function, at least in part, by modulating NOTCH signaling (Schmidt et al., 2009; Nichol et al., 2010) . We therefore assessed the expression of the NOTCH family proteins in Jeg3 cells. Using antibodies specific for NOTCH1 and NOTCH4 for IF analysis, we detected expression of NOTCH1 in both JegGFP and JegE7 (Figure 9 A) . NOTCH1 appeared to partially co-localize with EGFL7 (Figure   9 A). In contrast, no staining was observed using NOTCH4 antibodies, indicating very low or no expression of this receptor. This conclusion was confirmed by qRT-PCR analysis (data not shown). We next examined if EGFL7 overexpression correlated with changes in the levels of NOTCH1 and its target gene transcripts by performing qRT-PCR analysis. A significant increase of NOTCH1, HEY2, HEY1, and HES1 expression was observed in JegE7 cells compared to the JegGFP control cells (Figure 9 B-E).
To test whether the NOTCH1 signaling pathway is also involved in mediating the migratory activity of JegE7, we performed wounding assay in the presence of DAPT, a specific inhibitor of NOTCH activation. DAPT significantly abolished the EGFL7induced migration of Jeg3 cells capability, while it did not affect control cell migration (Figure 9 F-G) .
NOTCH signalling has been reported to be involved in the regulation of Jeg3 cell proliferation (Wagener et al., 2013) . We therefore investigated if activation of (Figure 9 H) . Together, these results suggest that EGFL7 mediated activation of NOTCH1 does not affect proliferation.
Convergence of MAPK and NOTCH signaling pathways
To evaluate if EGFR and NOTCH1 signaling pathways were cooperatively
regulating JegE7 migration, we tested whether inhibition of the MAPK pathway could also inhibit NOTCH1 signaling and vice versa. To inhibit ERK phosphorylation and NOTCH1 activation, we treated serum starved JegE7 cells with 10 M U0126 or 25 M DAPT, respectively. A significant decrease in HES1 gene expression level was detected at 90 min after the addition of either U0126 or DAPT ( Figure 10 A) and persisted up to 120 min (data not shown). To examine if the effect of MEK inhibition was NOTCH-dependent, we treated the cells with both U0126 and DAPT. Interestingly, we did not observe an additive effect in the reduction of HES1 expression (Figure 10 A) , suggesting that the effect of MAPK on HES1 expression was indeed NOTCH-dependent.
To further confirm the convergence of the two pathways, we treated serum starved JegE7cells with 25 M DAPT for 60 min. Phosphorylation of ERKs was evaluated by western blot analysis. Untreated JegE7 showed high levels of phosphorylated ERK1/2, and treatment with DAPT led to a significant reduction of ERK1/2 activation (Figure 10 B, C) . Treatment of JegE7 cells with U0126 resulted in a more robust inhibition of ERK phosphorylation; however, no additional inhibition was observed when cells were treated with both U0126 and DAPT (Figure 10 B, C) .
Similar results were obtained in JegGFP cells (not shown).
DISCUSSION
We recently reported that EGFL7 is expressed by trophoblast cells in the human placenta . Others and we also demonstrated that EGFL7 regulates the proper spatial organization of endothelial cells during angiogenic sprouting, and influences their collective movement during physiological and pathological angiogenesis (Campagnolo et al., 2005; Schmidt et al., 2007) . When Egfl7 is deleted in HUVECs, cell proliferation, migration and sprouting are notably impaired (Nichol et al., 2010) . Based on these observations, we considered the possibility that EGFL7 may regulate trophoblast cell migration during uterine tissue invasion, by acting in an autocrine or paracrine manner, as demonstrated in other cell systems (Nichol and Stuhlmann, 2012) . In the present study, we have tested this hypothesis by performing gain-and loss-of-function studies in vitro using the human choriocarcinoma cell line Jeg3 overexpressing EGFL7 (JegE7). Our results demonstrate that JegE7 cells possess a higher ability to cover the wounded areas in wounding assays and invade Matrigel thick layers more efficiently than control cells. Conversely, EGFL7
knockdown resulted in impaired migration of Jeg3 cells, consistent with a role for EGFL7 in regulating trophoblast migration/invasion.
One limitation with using long-term cultures of lentivirus transduced cells is that the precision with which signalling pathways are measured could be affected. To overcome this limitation, we have used primary trophoblast cultures and showed that the results obtained in the Jeg3 choriocarcinoma cell line were consistent with results in PTB isolated from human samples. Although manipulation and analysis of PTB cells is challenging when compared with established cell lines, in part due to their slow proliferation and migration, we show here that overexpression of EGFL7 stimulates PTB cell migration in a transwell assay.
Several signaling pathways that are activated at the feto-maternal interface are involved in trophoblast motility and are triggered by various cytokines and growth factors (Knofler et al., 2010; Fitzgerald et al., 2005; Qiu et al., 2004a; Qiu et al., 2004b; MacPhee et al., 2001; Shiokawa et al., 2002; Hunkapiller et al., 2011) .
Among these, EGF and EGFR are known to be important players during physiological development of the placenta; EGFR homozygous mutant mice die at midgestation due to placental defects (Dackor et al., 2009; Faxénet al., 1998; Threadgill et al., 1995) . In the present work, we show that EGFL7, which contains two internal EGF-like domains (Fitch et al., 2004; Soncin et al., 2003) , is able to activate the EGFR pathway. Using double IF analysis, we observed partial colocalization of EGFL7 and EGFR in both JegGFP and JegE7 cells, mainly at the periphery of the cell patches where cell are more prone to migration. Increased phosphorylation of EGFR in JegE7 cells was accompanied by significantly increased activation of MAPK and PI3K signaling, both of which are known to be important players of placental development (Knöfler et al., 2010) . We confirmed the specificity of these responses by using specific inhibitors for EGFR, and MAPK and PI3K pathways. When cells were cultured in the presence of the EGFR specific inhibitor AG1478, increased migration of Jeg3 cells overexpressing EGFL7 was attenuated, while surprisingly no effect was observed in control cells. This latter observation is in line with previous data showing that AG1478 has no effect on unstimulated extra villous trophoblast cell migration (Liu et al., 2009 ). Together, our results indicate that EGFL7 stimulates migration of trophoblast cells through activation of EGFR. It is possible that activation of EGFR is directly induced by EGFL7; alternatively, EGFL7 might trans-activate EGFR through other receptors. These possibilities need to be further investigated.
While preparing this manuscript for publication, a study was published showing that EGFL7-mediated activation of the EGFR-AKT signalling pathway in gastric cancer cell lines enhances their invasive and migratory capacity (Luo et al., 2014) , suggesting that EGFL7 is an important player of these processes in various cell types.
A direct role for EGFL7 in the migration and invasion of trophoblast cells provides a possible explanation for its reduced expression levels that we observed in preeclamptic placentas . In preeclampsia, inadequate invasion of trophoblast cells into the maternal decidua contributes to the onset of the pathology (Young et al., 2010) . We also reported that in placentas of women affected by early onset PE, decreased expression of EGFL7 parallels an alteration of the NOTCH signaling pathway , which in turn is known to be associated with impaired trophoblast invasion (Hunkapiller et al., 2011; Gasperowicz et al., 2008; Cobellis et al., 2007) . In addition, data from the literature report that Jeg3 proliferation and migration/invasion properties are in part controlled by the NOTCH pathway (Wagener et al., 2013) . In line with what has been reported in other cell systems (Schmidt et al., 2009; Nichol et al., 2010) , we found that EGFL7 and NOTCH1 co-localize in JegE7 cells, and that overexpression of EGFL7 was associated with a concomitant increase in the expression of NOTCH1 and its target genes. In addition, inhibition of NOTCH1 activation by the -secretase inhibitor DAPT was able to significantly reduce JegE7 cell migration. We therefore speculated that EGFL7 mediated activation of NOTCH might influence migration by by guest on February 10, 2015 http://molehr.oxfordjournals.org/ Downloaded from 20 modulating cell proliferation. However, our results showed that inhibition of the NOTCH1 pathway did not result in any change in the proliferation rate of JegE7 and JegGFP cells, suggesting that activation of NOTCH1 was directly involved in migration.
A number of studies in other cell types demonstrated a crosstalk between EGFR and NOTCH pathways (Tremblay et al., 2013; Izrailit et al., 2013; Weijzen et al., 2002; Sundaram et al., 2005) . We investigated whether MAPK and NOTCH signaling pathways act alone or together to mediate the effects of EGFL7 on trophoblast cell migration and invasion. By inhibiting the MAPK pathway, we observed a reduced expression of the NOTCH target gene HES1. Similarly, inhibition of NOTCH activity resulted in reduced activation of ERKs, thus suggesting that the two pathways co-operate. In conclusion, the present study identifies EGFL7 as a novel player involved in the regulation of trophoblast migration and invasion. Our data suggest that EGFL7, through the activation of EGFR and NOTCH signaling pathways (Figure 11 ), might play a pivotal role in stimulating and sustaining trophoblast migration and decidua invasion. These observations will be crucial for the better understanding of specific placentopathies characterized by inadequate invasion of the maternal decidua, including PE. Based on our findings, we propose that EGFL7 regulates trophoblast migration/invasion through the activation of the epidermal growth factor receptor (EGFR) and NOTCH pathways. The two pathways converge to mediate EGFL7 effects, as represented by the dashed lines. Question marks indicate possible other molecules mediating the interaction between EGFL7 and either EGFR or NOTCH1.
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